carbon and nitrogen sources play in the production of DON. These authors found that 104 DON production was strongly induced in liquid culture by some amine compounds 105 which included putrescine. Thus, it was confirmed that putrescine has a key role on 106 mycotoxin production. In contrast to DON production, the growth of F. graminearum 107 was not affected by the putrescine concentrations assayed. However, it would appear 108 that the effect of putrescine on growth depends on the fungal species as Rajam and 109 Galston (1985) found that the addition of putrescine to the culture medium resulted in a 110 promotion of growth in Botrytis cinerea, Monilia fructicola and Rhizoctonia solani.
111
Additionally, Figure 2B shows the colonies of the F. graminearum strain 112 incubated with increasing amounts of putrescine, which suggests that other metabolites 113 as carotenoids may also be influenced by putrescine due to the variation of colony color 
117
To further elucidate the influence of putrescine on F. graminearum, a gene 118 expression analysis was carried out (Figure 3 ). We studied TRI5 and TRI6 genes 119 involved in DON biosynthesis and regulation (Hohn et al., 1993; Proctor et al., 1995) , 120 the ornithine decarboxylase (ODC) and polyamine oxidase (PAO) which are involved in 121 PA biosynthesis and oxidation, respectively, and TPO1, TPO4, TPO5, UGA4, DUR3 122 and SAM3, identified by Valdes et al. (2012) by homology through an in silico search of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 
134
By contrast, it was found that the addition of exogenous putrescine to a F.
135
graminearum culture had no effect on the ODC and PAO expression. Because ODC 136 catalyzes the first and committed step in the synthesis of PA, it seems that the 137 concentration of putrescine is not self-regulatory at a transcriptional level in F. -Santiago et al., 2012) . In S. cerevisiae, TPO1 and TPO4, located mainly in the 144 plasma membrane, are the major PA excretion proteins (Tomitori et al., 2001; Tomitori 145 et al., 1999; Uemura et al., 2005 Phytophtora infestans (Gamarnik et al., 1994; Rajam and Galston, 1985; Walters, 169 1995).
Valdés

170
As putrescine increased TRI5 and TRI6 expression and DON production ( Figure   171 3), it might be expected that DFMO, which binds to ODC decreasing its activity and
172
consequently the putrescine biosynthesis, will reduce TRI5 and TRI6 expression.
173
However, TRI5 and TRI6 gene expression was up-regulated when DFMO was added to et al., 1998; Müllenborn et al., 2008; Ochiai et al., 2007) . Gárriz et al., 2003) . In addition, it was found that two spermidine analogues, N,N- polyamine conjugates that reduced aflatoxin production but had no effect on growth of
262
Aspergillus flavus.
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